We use a model of optimal portfolio choice to measure heterogeneity in risk aversion among households in Thai villages. There is substantial heterogeneity in risk preferences, positively correlated in most villages with alternative estimates based on a full risk-sharing model.
Introduction
In recent research (Chiappori et al., 2013) , we showed how to use a full risk-sharing model to measure heterogeneity in risk aversion among households running farm and non-farm enterprises in a developing country. This paper complements that analysis with a measure of risk preferences based on portfolio choice. The intuition behind the portfolio choice method -famously exploited with aggregate data to identify the preferences of the representative agent by Mehra and Prescott (1985) -is that the more risk averse a household is, the safer a portfolio it will choose and the smoother its consumption will be. This argument holds even if markets are incomplete; hence, our estimates here provide a robustness check on the strong assumption of full insurance in Chiappori et al. (2013) .
We apply the method to a long panel of households in 16 villages in Thailand. We find that the estimates based on portfolio choice are positively correlated in most villages with the estimates based on full insurance. However, the correlations are weak, suggesting that each set of estimates may contain substantial amounts of measurement error. As with the results in Chiappori et al. (2013) on full insurance, and consistent with studies in other contexts such as Chiappori and Paiella (2011) and Guiso and Paiella (2008) , we find that risk tolerance is not significantly correlated with demographic variables or household wealth.
One advantage of the portfolio-choice method for estimating risk preferences is that it identifies the mean level of risk tolerance in a village, unlike the risk-sharing approach, which identifies risk preferences only up to an unknown village-specific scale parameter. Thus, the portfolio-choice method allows us to determine whether average risk aversion differs across villages.
In addition, the portfolio-choice method provides a valuable check on the risk-sharing method because the two methods differ both in the form of the equation estimated and in the data used. The portfolio-choice method uses the relationship between an individual household's consumption risk and the household's asset risk and returns to find the household's risk preferences, on the assumption that the household has chosen its portfolio optimally. The risk-sharing method ignores asset returns and uses the correlation between each household's consumption and aggregate consumption to find the risk preferences of all households at once.
Because the two methods differ, each serves as a check on the other; if the two methods give similar results, we can have more confidence that our estimates accurately reflect households' actual preferences.
The paper proceeds as follows. Section 2 details the theory behind our method, section 3 describes the data, section 4 presents the results, and section 5 concludes. The appendix contains some mathematical derivations.
Theory
Following Chiappori et al. (2013) , we assume that household i's preferences over consumption sequences {c * it (s t )} are represented by
where s t is the history of states up to date t, β i is the household's rate of time preference, γ i is the household's coefficient of relative risk aversion, ξ i,m is the household's non-stochastic relative preference for consuming in month m ∈ {Jan, Feb, . . . , Dec}, and m(t) is the month corresponding to date t.
We use a simple portfolio choice and asset pricing model (Breeden, 1979; Lucas, 1978; Rubinstein, 1976) to recover households' preferences from their asset holdings. 1 Suppose that household i optimally allocates its assets across a portfolio of assets k that have stochastic gross returns R k t+1 . The household's Euler equation requires that, for every asset k that the household chooses to own,
Taking the unconditional expectation of both sides, applying the law of iterated expectations and rearranging terms, the Euler equation requires
In particular, (3) must hold for any risk-free asset that the household chooses to hold. The households in our sample typically hold inventories of their products; as long as storage is riskless and relative prices are constant, the value of inventory will move one-for-one with inflation, and inventory will have a risk-free gross return of 1. Therefore,
We show in appendix A that if we assume (a) households have constant relative risk aversion (CRRA) preferences, (b) households choose portfolios on the mean-variance frontier, (c) seasonally adjusted consumption growth has a log-normal distribution, and (d) the variance of seasonally adjusted consumption growth is "small," then equations (3) and (4) imply the following equation for risk aversion:
where R P i,t+1 is the gross return on the household's portfolio,
adjusted consumption, and all variances and expectations are household specific.
We cannot directly use (5) to estimate γ i because consumption may be measured with error and because we observe total consumption, not seasonally adjusted consumption. To
where e it has a normal distribution, and Var[∆ ln
LetV e,i be the variance of residuals from a household-specific regression of ∆ ln c it on month dummy variables. According to (7), if we had an infinitely long time series for the house- Because we are not accounting for measurement error, our estimates of both of the variances in the denominator of (5) will be biased upward. (The estimated variances include both the true variances and the variance of measurement error, so the estimates are higher than the true variances.) Thus our estimates of households' risk aversion coefficients γ i will be biased downward. In examining variation in the estimated γ i across households, we are implicitly assuming that the bias due to measurement error is the same for all households.
A further problem in using (5) to estimate γ i is that although the time-series average of a household's actual investment returns R P i,t+1 will converge in a sufficiently long sample to the household's expected return E[R i,t+1 ], the time-series average may differ substantially from the expected return in our finite sample. Thus, for some households, we may estimate a negative return on assets even though no household would rationally choose assets with a negative expected return. If the estimated return on assets is negative, we will estimate γ i < 0, which does not make sense. Therefore, we calculate our estimate of γ i only for those households that have positive estimated return on assets.
We test for heterogeneity in preferences under the portfolio-choice approach as follows. ; there is no discrepancy arising from using data on a finite number of households in the village. It follows thatγ j converges in probability toγ j as the number of time periods goes to infinity, which will be important in the analysis that follows.) Under the null hypothesis that all households in village j have the same risk preferences, γ i =γ j , we have that
where the convergence in distribution is as the number of time periods goes to infinity. Assume for now that the estimation errorsγ
We cannot calculate the χ 2 statistic in (9) because we do not observeγ j but only the estimatê
Sinceγ j p →γ j , the second and third terms on the right-hand side of (10) converge in proba-bility to zero. Therefore,
We use (11) − γ i are correlated across households -for example, because of common shocks to consumption or returns -the above analysis is not precisely correct. We think it would be difficult to account for possible correlation in the estimation errors without a detailed statistical model of asset returns, and even then, inference would be conditional on assuming the model was correct. However, we note that correlated estimation errors would make the estimated preferencesγ PC i similar across households in finite sample even if there is heterogeneity. Therefore, correlated estimation errors would reduce the power of our test. If we reject common preferences while assuming uncorrelated estimation errors, then we can be confident that the rejection would be even stronger if we accounted for correlation in the estimation errors.
Note that using each household's idiosyncratic asset returns to estimate preferences in the portfolio-choice method is not inconsistent with the full insurance assumption that we used in Chiappori et al. (2013) : Even if households are fully insured against idiosyncratic shocks to asset returns, the Euler equation (2) must hold - Samphantharak and Townsend (2010b) show that it is the first-order condition in a social planner's problem -and, therefore, the portfolio-choice method remains valid.
Data
We use data from the Townsend Thai Monthly Survey. The survey provides us with 84 monthly observations on consumption and asset returns at the household level, allowing us to apply the portfolio-choice method to each household, rather than relying on the aggregate consumption data commonly used in the asset pricing literature. We refer readers to Chiappori et al. (2013) for an overview of the survey, our sample selection criteria, and descriptions of most of the variables we analyze. This section describes the measure of return on assets (ROA) that we need for the portfolio-choice method and some additional selection criteria that the method requires.
Consistent with the consumption data, we use a household as our unit of analysis and consider the return on the household's total fixed assets rather than returns on individual assets. Specifically, we define ROA as the household's accrued net income divided by the household's average total fixed assets over the month in which the income was generated.
Since we want to measure the real rate of return rather than the nominal rate of return, we use real accrued net income and the real value of the household's fixed assets in our calculation, deflating the data using the monthly national-level CPI from the Bank of Thailand.
Our simple calculation of ROA raises one obvious problem. In our data, households' net incomes embed contributions from both physical capital and human capital, but we are interested in the risks and returns to physical assets. ROA is therefore overestimated. As a remedy, we calculate the compensation to household labor and subtract this labor compensation from total household income. Compensation to household labor includes both the explicit wage earnings from external labor markets and the implicit shadow wage from labor spent on the household's own production activities. The calculation also takes into account that households select into different occupations, as described in detail in Samphantharak and Townsend (2010a, chapter 5) and Townsend and Yamada (2008) .
Since we compute our returns on assets from net income generated from cultivation, livestock, fish and shrimp farming, and retail business, we exclude from this study the households whose entire income in every period during the 84 months was from wage earnings and not directly from asset-utilizing production activities. There are 369 households in the sample: 72 from Chachoengsao, 82 from Buriram, 93 from Lopburi, and 122 from Sisaket. Recall that we cannot use the portfolio-choice method when the household's estimated return on assets is negative.
Results
3 Chiappori et al. (2013) show that the risk-sharing method identifies preferences only up to a villagespecific scale factor. That is, 1/γ RS i ≈ m j /γ i , where m j is an unknown number. Therefore, although our two estimates should be positively correlated within each village if they are both accurate estimates of the true risk tolerance 1/γ i , comparing the levels of 1/γ RS i and 1/γ PC i is not worthwhile because the levels can differ even if our methods are correct. We cannot pool the data from all villages and then use village fixed effects to account for m j (for example, by regressing 1/γ RS i on 1/γ PC i and a set of village dummy variables) because m j multiplies γ i but the village fixed effects would be additive. Further, we cannot take logs of the risk preference estimates -so that the scale factor m j would enter additively -because for some households, our estimated 1/γ RS i is negative. we are re-assigning risk tolerance estimates to different households at random. The two-sided p-value for the null hypothesis of no correlation is the fraction of reordered correlations that are larger in absolute value than the actual value of corr(1/γ of the six villages in which the correlation is statistically significantly different from zero at least at the 10 percent level, the correlation is positive. We conclude that there is some weak evidence of a positive relationship between our two estimates of each household's preferences. Table 4 examines the relationship of risk tolerance to observed demographic characteristics of the household as measured in the initial round of the survey. As in Chiappori et al. (2013) , we find little relationship between risk preferences and demographics.
Conclusion
This paper uses a model of household-level portfolio choice to measure the risk preferences of Thai households. Although preferences are measured with a substantial amount of noise, the estimates are correlated with alternative results based on full insurance in most villages. Thus, methods heretofore applied to data from industrialized countries with deep financial markets are also useful for understanding the behavior of households in a quite different economic environment.
Substituting (4) into (A2) yields
Then, rearranging terms in (A3), we obtain
Since −1 ≤ Corr
which is the Hansen and Jagannathan (1991) bound on the risk premium.
Inequality (A5) applies not just to any single asset k but to any combination of assets -in particular, to the household's actual portfolio. Thus, if R P i,t+1 is the gross return on the household's portfolio, then
Portfolios on the mean-variance frontier maximize the expected return for any given variance.
Therefore, if we apply assumption (a) -that the household chooses a portfolio on the meanvariance frontier -(A6) must hold with equality. (Otherwise, there would be a portfolio with the same variance as the household's portfolio but a higher expected return, contradicting the assumption that the household's portfolio is on the mean-variance frontier.) Applying assumption (b) -CRRA preferences -(A6) at equality becomes
Using (4), it is convenient to rewrite (A7) as
We define seasonally adjusted consumption x *
We now use assumption (c), that seasonally adjusted consumption growth (
has a log-normal distribution. Note that if
Further, for any random variable
A /2) and
Thus, under the log-normality assumption,
and
Substituting (A12) and (A13) into the right-hand side of (A9) gives
Finally, using assumption (d), if σ 2 dx is close to zero, then exp (γ
and hence The unit of analysis is the household-month. Return on assets is in percentages. The table reports tests of the null hypothesis that all households in a given village have the same coefficient of relative risk aversion or coefficient of relative risk aversion. The sample includes only households with positive estimated return on assets (so portfolio-choice method is feasible). The column labeled "households" is the number of households in the village included in the sample;
2 is the test statistic for the null that all households in the village have the same preferences. Standard errors are obtained by bootstrapping, using 1,000 draws from the original sample with replacement; bootstrap draws are of 12-month blocks to account for serial correlation. Pooled test is for the hypothesis that risk tolerance is constant within and across villages. Unit of observation is household-month. Consumption is monthly household food consumption and monthly household expenditure on nonfood consumption items. Consumption is adjusted to real per capita units using monthly household size data and nationwide Consumer Price Index. The table reports the association between demographic variables and households' estimated preferences obtained by the portfolio-choice method. The unit of observation is the household. The sample includes only households with positive estimated return on assets (so portfolio-choice method is feasible). Heteroskedasticity-robust standard errors clustered by village are in parentheses. Demographics are measured in the initial survey. Net wealth is in millions of baht. "Joint signif. p-value" is the p-value for the null hypothesis that the coefficients on all of the demographic variables are zero in a regression including all the variables at once.
